Introduction: Women have been reported to have a higher risk for migraine. The pathogenesis of migraine is known to be related to genetic risk factors such as the presence of common polymorphisms C677T (rs1801133) and A1298C (rs1801131) in the MTHFR gene. The aim of the study was to examine the role of these two MTHFR polymorphisms as risk factors for pediatric migraine and examine the gender-specific differences. 
Introduction
Migraine is a common neurological disorder that affects ~10% of the world's population [1] ; mainly women are affected [2] . Children with this disorder are also highly prevalent (3.5% -5%) [3] and it is a major reason for absence from school, decreased academic level, higher rate of recurrent illnesses, etc. Migraine headache can also be associated with other symptoms such as nausea, vomiting, photo-and phonophobia [4] . This disorder is classified in two subtypes: migraine with aura (MA) and without aura (MO) [5] . MA comprises nearly 25% of all migraine cases in overall migraine population [6] . It is described by a disturbance of motor and visual activities that lasts 20 to 30 minutes before the migraine attack [7] . MO makes up ~70% of all migraine cases [6] and its clinical features differ between adults and children [8] . Migraine, particularly MA, is associated with a higher risk of ischemic stroke (IS) in young women [9] [10] . Possible mechanisms predisposing migraine patients to IS may be vascular, neuronal or related to coagulation abnormalities and genetics [11] . Schurks et al. showed [12] that MA doubles the risk of ischaemic stroke, but MO-the most common type of migraine-is not a risk factor for stroke. With regard to genetic factors, previous studies provided evidence that the risk of ischaemic stroke in people with MA is further increased by a polymorphism in the MTHFR gene. Better phenotyping is a prerequisite for a clearer understanding of these disorders [13] . The first epidemiological indication for migraine to be risk factor for ischemic stroke was described in 1975 by the Collaborative Group for the Study of Stroke in Young Women [14] . Since then several studies have also provided the same results [15] [16] .
The etiology of migraine is complex and the disorder is most likely caused by the combination of genetic and environmental risk factors [17] .
The appearance of migraine and its association with functional polymorphisms in the methylenetetrahydrofolate reductase (MTHFR) gene has been extensively studied.
The gene encodes MTHFR enzyme that converts 5,10-methylenetetrahydrofolate into 5-methylenetetrahydrofolate, which is the circulating form of folate in plasma. Folate is needed for conversion of homocysteine to methionine [7] . In the presence of either homozygous or heterozygous C677T or A1298C variants of the MTHFR gene, the activity of the enzyme is downregulated, therefore homocysteine level in blood plasma increases [18] [19] . The C677T transition leads to the substitution of alanine to valine, in codon 222, which in turn leads to more thermolabile protein. Thermolability is the cause for decreased activity of the enzyme. Unlike the C677T variant, the A1298C transversion substituting glutamate to alanine in codon 429 located in the C-terminal regulatory domain will not cause the thermolability of the enzyme [20] . People with a homozygous TT genotype of C677T show a higher level of plasma homocysteine than people with a heterozygous CT genotype [21] . Individuals carrying 677TT express only about 30% of the mean activity of the MTHFR enzyme [22] . A similar scenario has been described for the A1298C variant; however, the enzyme activity is decreased by 40% [23] . The decreased activity of the MTHFR enzyme is considered an important risk factor for migraine.
There have been many controversial findings about the association between MTHFR polymorphisms and migraine. The associations between pediatric migraine and MTHFR polymorphisms have been studied in different populations before (e.g. Italy, Croatia etc.), but not in the Estonian population. A trend for migraine was reported in Italian patients who were 677TT and 1298CC homozygous carriers [24] . In the Croatian pediatric migraine population, no statistically significant association with migraine in carriers of 677CT polymorphism was found, but a trend toward an increased risk for migraine in patients who had homozygous variant 677TT was found [25] . It is believed that associations between childhood migraine and MTHFR polymorphisms show different patterns across populations. Another significant issue is the lack of information about the frequency dis-tribution of MTHFR polymorphisms in boys and girls. As noted earlier, women have been reported to have higher occurrence of migraine, approximately 18% of females are diagnosed with migraine in comparison to only 6% of males [26] . Due to the higher frequency of migraine in women, the current study investigated the differences in genetic risk factors for a better understanding in the evolution of migraine from children to adults and changes in women compared to men.
The aim of the study was to examine the presence of both common MTHFR polymorphisms in the Estonian pediatric migraine population (age ≤ 18 years) and to give the overall and gender-specific occurrence of these polymorphisms. In addition, the purpose was also to investigate the occurrence of migraine subtypes among patients.
Methods

Patients
The study group consisted of 56 randomly selected patients (M = 26, F = 30) out of 182 migraine-diagnosed children who were examined in the Tartu University Hospital Children's Clinic during the period of 2011-2014. Patients with tension headache and other chronic disease were excluded from the study. The age of the patients varied between 5 to 18 yrs with an average of 12.7 ± 3.3 yrs. All 56 patients were diagnosed with migraine according to the International Classification of Headache Disorders. 27 patients had migraine without aura (M = 13, F = 14) and 29 patients had migraine with aura (M = 13, F = 16).
Control Group
The control group consisted of 168 randomly selected healthy people (M = 78, F = 90). People with migraine and cerebrovascular diseases were excluded from the group. The female-to-male ratio was matched to the patients group (1:1.15). The age of control individuals ranged from 22 to 35 yrs with an average of 29.1 ± 3.4 yrs. The control group was selected among the gene donors in the Biobank of the Estonian Genome Centre, University of Tartu, Estonia.
Genetic Testing
Genomic DNA was extracted from EDTA-collected peripheral blood using standard high-salt extraction procedures [27] . Genotype analysis for MTHFR C677T and A1298C in patients was performed by PCR-RFLP analysis using HinfI and MboII restriction enzymes respectively. To detect the presence or absence of the C677T mutation in MTHFR gene 198 bp PCR fragment was amplified using following primers: C677T-sense-5'-TGA AGG AGA AGG TGT CTG CGG GA-3'; C677T-antisense -5'-AGG ACG GTG CGG TGA GAG AGT-3'.
The C677T introduces a new HinfI restriction site, which results in the digestion of the 198 bpamplicon into 175 bp and 23 bp fragments [28] . Genotyping protocol for A1298C mutation was modified from Hanson et al. [29] . For detecting A129C polymorphism, we selectively amplified the longer 256-bp fragment of the MTHFR gene by PCR using following primers: A1298C-sense -5'-CTT CTA CCT GAA GAG CAA GTC-3' and A1298C-antisense-5'-CAT GTC CAC AGC ATG GAG-3'. The A1298C mutation abolishes an MboII restriction site. Digestion of the 256 bp fragment of the 1298AA genotype gives four fragments of 176, 30, 28 and 22 bp, whereas the 1298CC genotype results in three fragments of 204, 30 and 22 bp.
The fragments were analyzed by 2.5% agarose gel (SeaKem ® LE, Lonza) electrophoresis and visualized with ethidium bromide.
Genotyping of MTHFR polymorphisms in the control group was done with Illumina Human Omni 770 K BeadChip in the Core Laboratory of the Estonian Genome Centre, University of Tartu, Estonia. The quality control and filtration was carried out using IlluminaGenomeStudio 3.1 and PLINK 1.07 softwares. Gene donors and migraine patients have given an informed consent to participate in this study and permission by the Research Ethics Committee of Tartu University has been issued (patients: 233/M-19).
Statistical Analysis
Association analysis was performed using Pearson's chi-square test. Odds ratios with 95% confidence intervals were calculated using R and Terminal software.
Results
Patients
The Frequency of MTHFR Polymorphisms in the Migraine Group
Any copy of the variant allele in either or both of these loci was found in 91% of patients: A1298C was present in 33 and C677T in 30 out of 56 patients ( Table 1) . Both polymorphisms in homozygous condition (1298CC and 677TT) were found in 6/56 patients, but not with simultaneous co-existence ( Table 2 ). The most frequent combined genotype of both MTHFR polymorphisms were the 1298AC-677CC and 1298AA-677CT genotypes, in 18/56 (32.1%) and 15/56 (26.8%) patients respectively.
Gender-Specific Distribution of MTHFR Polymorphisms among Migraine Patients
Investigating the gender-specific occurrence of these polymorphisms, there was a difference. For 1298C allele, the frequency was 0.333 for girls and 0.308 for boys with the OR of 1.13 (p = 0.77). For 677T allele, the frequency was 0.333 for girls and 0.25 for boys with the OR of 1.5 (p = 0.33) ( Table 3 ). The occurrence of MTHFR variant alleles was higher in girls than in boys for both polymorphisms ( Table 4) . Table 3 . Gender-specific distribution of AC1298C and C677T minor alleles frequencies in migraine patients with aura and without aura. 
All migraine patients
Gender-Specific Distribution of MTHFR Polymorphisms among Migraine Subtypes
Another important observation was the similar frequency of migraine with aura and without aura in our pediatric migraine population. Both migraine subgroups were represented similarly among boys and girls. Migraine with aura was represented in 29/56 patients (M = 13, F = 16) and without aura in 27/56 patients (M = 13, F = 14). The gender-specific examination of MTHFR 1298C allele frequency in patients with aura showed differences. Girls had a higher minor allele frequency with an OR value of 2.28 (95% CI 0.72 -7.23; p = 0.16). MTHFR 677T allele frequency in girls diagnosed with MA was quite similar to boys (p = 0.72, OR 1.23, 95% CI 0.39 -3.88). However, a slight difference in frequency of 677T was present in girls who were diagnosed migraine without aura (MO) compared to boys with MO (OR = 1.82, 95% CI 0.56 -6.12, p = 0.31) ( Table 3) .
Control Group
Genotype Distribution and Allele Frequency of the MTHFR Polymorphisms in Control Group
Any copy of the variant allele in either or both of the A1298C and C677T loci was found in 84% of controls. In the control group, the carrier frequencies of both MTHFR variants were rather high: 88 out of 168 for A1298C variant and 81 out of 168 for C677T ( Table 1) .
Genotype Distribution and Allele Frequency in Male and Female
No statistically significant differences were found in the carrier frequencies between women and men in the control group. The frequencies of 1298AC and 677CT genotypes were almost the same in a comparison of both genders: 52.2% in women and 52.6% in men (p = 0.96). For genotypes 677CT and 677TT, a slight difference was observed: 51.3% in men and 45.6% in women; however, it was not statistically significant (p = 0.46).
The Difference in Patient and Control Group Prevalence of the MTHFR 677 and 1298 Genotypes 3.3.1. The General Distribution
The genotype distributions for control group and patient group were in Hardy-Weinberg equilibrium. In this study, the comparison of the combination of A1298C and C677T polymorphisms between control group and patients group was carried out to see whether the co-occurrence of both polymorphisms in one person could increase the risk for migraine in the Estonian pediatric population. The co-existence of both polymorphisms in one individual did not show any remarkable outcomes ( Table 2) . Perhaps the only aspect that should be brought out is the variant wherein A1298C and C677T both had a mutation in one allele-heterozygous-heterozygous genotype condition was slightly more frequent in patients group, but not significantly, given the percentages.
The frequencies of both polymorphisms' minor alleles in patients and controls were quite similar: 0.321 vs 0.295 for A1298C and 0.295 vs 0.292 for C677T, respectively.
The Distribution of MTHFR Polymorphisms between Genders
The comparison between polymorphisms and gender-specific subgroups showed variable patterns for the presence of polymorphisms ( Table 5) . Adult men in the control group and boys with migraine share a similar frequency of A1298C (p = 0.79, OR = 1.1, 95% CI 0.55 -2.17), however, the C677T mutation prevalence rate differed to some extent but was not statistically significant (p = 0.34, OR = 0.71, 95% CI 0.35 -1.44). Both polymorphisms were more frequent in girls with migraine than in healthy women (control group), this finding did not reach statistical significance: for C677T p = 0.32; OR = 1.38, 95% CI 0.73 -2.58; and for A1298C p = 0.63; OR = 1.17, 95% CI 0.63 -2.18.
The Distribution of MTHFR Polymorphisms among Migraine Subtypes
The MTHFR 677T allele and 677TT genotype frequencies were similar in the group of migraine with aura and migraine without aura (minor allele frequency in patients with aura 0.296 and without aura 0.293 with the p-value of 0.97 and OR of 1.02). The same prevalence of C allele and CC genotype of MTHFR A1298C was shown in both groups (minor allele frequency of 0.328 in patients with aura and 0.315 in patients without aura with a p-value of 0.89 and OR of 0.94).The distribution of MTHFR polymorphisms among different migraine subtypes showed a slight difference between patients and controls. Patients with aura had a higher frequency of A1298C mutant allele than the control group with an OR of 1.66 (minor allele frequency: 0.406 vs 0.290, p = 0.17). As for the migraine without aura group, the A1298C occurred more frequently in controls but with no statistical significance (p = 0.57). C677T did not show any increased prevalence in either subgroup (p = 0.79 and p = 0.43 respectively).
Discussion
Migraine is a complex neurovascular disorder with substantial evidence of genetic contribution. Females are two to three times more likely to experience migraine than men after reaching puberty [30] . Migraine is characterized by recurrent attacks of pulsating and unilateral head pain [31] . Migraine risk factors have been investigated in some populations but not in the Estonian population. The common polymorphisms in the MTHFR gene has been found to contribute to genetic predisposition of migraine in several studies conducted in different European populations (Italy [32] , Netherlands [33] , etc). Prevalence of the MTHFR 677TT genotype in the general population has been estimated at 8 to 12% [34] . In fact, there are a few studies in which the occurrence of MTHFR polymorphisms and the difference between genders in children with migraine have been examined. The current study investigated the frequency of MTHFR C677T and A1298C polymorphisms and their association with migraine in the Estonian pediatric population. The results indicate a slight positive correlation between the carrier status of MTHFR polymorphisms and migraine headaches. 91% of children with migraine carried the variant alleles: 1298C was present in 33 and 677T in 30 out of 56 patients. The most frequent co-occurrence of both polymorphisms in one person was of the 1298AC-677CC and 1298AA-677CT genotypes, in 18/56 (32.1%) and 15/56 (26.8%) patients, respectively. The heterozygous-heterozygous genotype condition was slightly more frequent in the patients group compared with controls, but not significantly. In the control group the percentage of variant allele of either polymorphism was 84. The carrier frequencies of the control group for both MTHFR variants were rather high: 88 out of 168 people for A1298C and 81 out of 168 people for C677T. In the migraine subjects the frequency of A1298C (58.9%) and C677T (53.6%) was higher compared with controls (52.4% vs 48.2%, respectively), but these differences were not statistically significant. One reason for this could be the small sample size, or these polymorphisms might appear as a more substantial risk factor for migraine in other populations. Bottini et al. stated that a slight trend towards an increased risk for migraine was present in people who carried the homozygous variant on mutant A1298C or C677T in the Italian population [24] . In the Croatian pediatric migraine population, no statistically significant association with migraine was found, but a trend toward an increased risk for migraine in patients with 677TT genotype was revealed [25] . Oterino et al. and Ferro et al. found no association of the TT-genotype in Spanish and Portuguese migraineurs, respectively [35] [36] . In our study both polymorphisms in homozygous condition (either 1298CC or 677TT) were found in only 6/56 patients (not with simultaneous co-existence) and did not show a remarkable association with increased risk for migraine. An et al. claimed that MTHFR C677T variant might be an ethnic-specific polymorphism with variable carrier frequencies, which may explain the different occurrences in different populations [17] .
Investigating the gender-specific occurrence of these polymorphisms is quite unique due to the shortage of analogous researches. Comparison of the prevalence of MTHFR polymorphisms between boys and girls showed higher frequencies of MTHFR variant allele(s) in girls for both polymorphisms. Again, the differences between girls and boys in the distribution of carrying MTHFR 1298C and 677T variant alleles were not statistically significant. However, the prevalence of 677T allele was 1.5 times higher in girls. Women are expected to be more frequently affected by migraine and the higher frequency of both polymorphisms among girls with migraine may suggest that these polymorphisms, especially C677T, could be risk factors for migraine; this is an important finding in our study. Comparing migraine girls and female control group data we found a higher tendency for both polymorphisms with increased minor allele frequencies of A1298C and C677T in the migraine group. Such differences between male patients and the control group did not appear. To the contrary, male controls had a higher frequency of C677T variant alleles, which does not attain statistical significance.
An interesting finding was the equal distribution of migraine subtypes in our randomly selected study group. 29 patients out of 56 had migraine with aura and 27 had migraine without aura. Several studies have shown a significantly higher frequency for migraine without aura, which makes up ~70% of all migraine cases [6] [17] [37] . These findings were not in accordance with our findings in the Estonian pediatric migraine population; the frequency of both subtypes was almost the same. In addition, the MTHFR 677T allele and 677TT genotype frequencies were similar in the group of migraine with aura and migraine without aura. The same prevalence of C allele and CC genotype of MTHFR A1298C was also found in both groups. Girls within the MA group demonstrated higher frequency of MTHFR 1298C allele (OR 2.28) and girls within the MO group a slightly higher frequency of 677T allele (OR = 1.82) compared to boys.
In conclusion, we did not observe statistically significant differences in the occurrence of MTHFR polymorphisms in Estonian pediatric migraine patients. However, our data suggest the trend that MTHFR genepolymorphisms may influence susceptibility to migraine in children. Among girls MTHFR polymorphisms occurred more frequently than in boys, but these differences were not statistically significant. We found that girls with migraine (with and without aura) have increased prevalence of C677T.
Further studies are needed to better characterize the association of MTHFR with migraine in children and potential vitamin treatment in pediatric migraine patients.
